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Abstract
The perception of extrapersonal space in Parkinson’s disease was examined with two line bisection tasks. One was a
conventional pencil and paper test, the line bisection section of the Behavioural Inattention Test. In the other, the stimuli were
displayed on a large (2×2.4 m) screen and varied in length (48–480 mm) and also in location on the screen (left, centre and right).
They were presented at two viewing distances (0.6 and 1.5 m). Subjects remotely adjusted the position of a cursor until it appeared
to bisect the stimulus line, using two push-buttons, one in each hand. The PD participants (n=18) had a marked asymmetry of
motor symptoms. They were divided into two groups, those with predominantly left-sided motor symptoms (LPD, n=9), and
those with predominantly right-sided motor symptoms (RPD, n=9). The control group (n=9) were all right-handed. No
significant differences between the groups were found on the BIT bisection task. In contrast, when the stimuli were presented on
the screen, LPD subjects showed a significant rightward bias in their settings of the cursor, particularly for lines on the left and
centre of the screen, which was greater, the longer the stimulus line. The RPD group bisected lines slightly to the left, in common
with the control group (pseudo-neglect). In a second experiment, Parkinsonian subjects repeated this task, but with the buttons
reversed between the hands, so that the cursor was moved to the left by the right hand, and vice versa, but the pattern of results
was the same as in the first experiment. The data suggest a small but reliable neglect in left hemiparkinson’s disease, which is
contralateral to the non-dominant (and probably worse affected) hemisphere. The dissociation between the response and the
bisection error suggests a visuospatial impairment in LPD. © 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction
Until recently, the existence and nature of visuo-spa-
tial problems in Parkinson’s Disease have been contro-
versial. For example, Brown and Marsden (1986)
suggested that the results of many earlier studies that
reported apparent visuo-spatial difficulties in the illness
might instead reflect problems of other kinds, such as a
slowing of movement or impairment in organising se-
quences of movements. A meta-analysis of more than
70 studies (Waterfall & Crowe, 1995) reached a simi-
larly equivocal conclusion: although deficits on a range
of visual cognitive tasks have been reported, these
might result from impairments of executive functioning,
such as planning and allocating resources to the current
task, rather than visuo-cognitive problems per se.
Recent studies have begun to produce more convinc-
ing data (see Antal, Bandini, Keri, & Bodis-Wollner,
1998, for a review). Mildly affected patients can briefly
remember the shapes of irregular polygons, but are
impaired in remembering their locations (Postle,
Jonides, Smith, Corkin, & Growden, 1997). On the
Tower of London task, patients with more severe symp-
toms were not only slower, but required more moves
than controls (Owen, Iddon, Hodges, Summers, &
Robbins, 1997) suggesting a deficit in spatial working
memory. Lee, Harris, and Calvert (1998) have found
evidence for impairments in a mental rotation task, in
which subjects judged whether two stimuli in different
orientations (Shepard & Metzler, 1971) were the same
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or different. PD patients had a different pattern of
reaction times from an age-matched control group and
made significantly more errors, which were systematic
at large angular differences, so that the patients per-
formed significantly worse than chance. The authors
suggested that this deficit could reflect a problem with
mental rotation per se, or a distortion in the visual
perception of space. This second idea is supported by
responses in a recent questionnaire study (Lee & Harris,
1999) in which a high percentage of PD sufferers re-
ported problems in space and depth perception. Again,
these findings suggest that, in PD, patients have prob-
lems with the perception and/or the representation of
visual space.
The present study takes another approach to investi-
gating alteration in the perception of extra-personal
space in PD. Mental rotation, and some of the other
tasks that have demonstrated apparent visuo-spatial
deficits, can be demanding, and it could be argued that
the patient’s problems reflected difficulties of concentra-
tion. Disorders of spatial perception are known to
occur in the neglect syndrome, which follows other
types of brain damage, although there is no firm agree-
ment about the range and nature of sub-types of ne-
glect. There is agreement that the early idea of neglect
as purely visual, a failure to see or to attend visually to
(especially) the left side of space or the left side of
objects, is too simple. Neglect may have important
motor components, sensory systems other than vision
may be affected, and superficially comparable visual
tasks (line bisection and item cancellation) may yield
very different patterns of neglect (left-sided for one,
right-sided for the other) in the same patient (e.g.
Halligan & Marshall, 1992). These patterns of results
support the idea that there may be multiple representa-
tions of external space (for different functions) in the
brain, and one or more of them may be damaged by a
particular lesion. Some of the difficulties in establishing
the relationship between behavioural deficits and pre-
cise locations in the brain, and some of the currently
pressing questions in neglect research, are summarised
by Chatterjee (1998). However, it seemed to us that a
suitable version of a line bisection task, a method
widely used in studying neglect after other types of
brain damage, could be revealing about PD, also. The
task is simple, need not be done under time pressure, or
require a complex sequence of movements or continu-
ous concentration.
There is already evidence for neglect in Parkinson’s
disease, though it is not clear that this reflects some
distortion of visually perceived external space. Vil-
lardita, Smirni, and Zappala (1983) found that perfor-
mance on a line-cancellation task in bilateral and
left-sided Parkinsonian (LPD) patients was worse than
normal and attributed this to subcortical structural
damage. However, their patients showed no sign of a
lateralised neglect confined to, or worse on, one side of
the array, but rather a tendency to cancel items that
was equally bad at all locations throughout the page.
The authors report no data for right-sided (RPD) par-
ticipants. In contrast, Ebersbach, Trottenberg, Hattig,
Schebsky, Schrag, and Poewe, (1996) did find evidence
for abnormal lateralisation, using a visual exploration
task in which the observer had to search through an
array to find a target. Most of their control subjects,
and most of their RPD patients, started searching on
the left of the display. However, 86% of their patients
with left-sided disease started searching on the right of
the display. The behaviour of the group with left-sided
symptoms is similar to that seen in most patients with
neglect. In another task in which eye-movements were
recorded, Ventre, Zee, Papageorgiou, and Reich (1992)
found that left-sided patients showed an asymmetry in
the latencies of their saccades made to targets appear-
ing in a predictable fashion. Both left-sided and right-
sided patients had longer latencies than controls
whether the saccades were made to the left or to the
right. However, the left-sided patients showed signifi-
cantly longer latencies when the saccade was towards
the left. Again, however, there is no evidence from these
studies that the visual perception of external space is
distorted in PD patients: any asymmetry might reflect a
bias in directional hand or eye movements.
In the present study, we chose to examine the perfor-
mance of Parkinsonian patients with asymmetry of
symptoms on a line bisection task. Such studies have
been reported previously, though with mixed results.
Thus,Ebersbach, Trottenberg, Hattig, Schebsky,
Schrag, and Poewe (1996) found no significant differ-
ences between patients with left- and right-sided symp-
toms, whereas Starkstein, Leiguarda, Gershanik, and
Berthier (1987) reported that their left-sided patients
‘tended to cross lines to the right of the mid-line, and
differed significantly’ from their right-sided patients.
Starkstein et al. do not report the size of the rightward
bias in bisection in their left-sided patients. Moreover,
it is not clear whether the patients’ bias lies in the
perception of the line or in the organisation of the
marking response. It is already known that a form of
neglect may result from lesions of the basal ganglia
(Damasio, Damasio, & Chui, 1980). Given the role of
these structures in the control of voluntary movement,
it is plausible that neglect in a bisection task in PD
reflects a difficulty in making directional movements
into a region of external space rather than a perceptual
disorder. In the present study, subjects bisected the line
by moving a cursor via remote switches rather than via
a quasi-pointing response, so that the movements were
non-directional. Two other novel features of the study
exploited the method of presentation of the lines, which
were computer-generated and back-projected on a large
screen. First, the lines were positioned in left- or right-
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hemispace, or centrally, so that we could examine
whether the size of any effects varied with lateral
position in space. Secondly, the lines were presented at
two different viewing distances, one within personal
space, the other outside it, since there is evidence for
different neural representations of these spaces (e.g.
Previc, 1998). This allowed us to ask whether there
were differences in the size of any effects, which de-
pended on viewing distance. In addition, we compared
the data with performance on a more traditional pencil
and paper test taken from the Behavioural Inattention
Test (Halligan, Cockburn, & Wilson, 1991). The PD
participants were divided into two groups: those with
their symptoms predominantly on the left and those
with symptoms predominantly on the right.
2. Experiment 1
2.1. Methods
2.1.1. Large screen bisection task
2.1.1.1. Apparatus. Stimuli were generated on-line by an
IBM-compatible computer at VGA resolution (640 pix-
els wide×480 high). They were back-projected on a
large translucent screen, 2 m wide×2.4 m high, by a
Polarview 85 LCD projector. Subjects were seated fac-
ing the centre of the screen on a comfortable chair with
armrests. They signalled their responses to the com-
puter with two push buttons.
2.1.1.2. Stimuli. The stimuli were horizontal straight
lines, whose thickness was 15 mm, and whose length
varied in 10 equal steps from 48 to 480 mm. The lines
always appeared at eye height at one of three locations
on the screen: central or offset by 60 cm either to the
right or to the left. Superimposed on each line was a
vertical cursor, 25 mm high×10 mm wide.
2.1.1.3. Procedure. The subject was seated at one of the
two viewing distances (0.6, 1.5 m) whose order was
randomly chosen. All measurements were completed at
the first viewing distance before the subject was moved
to the other distance. The computer selected one of the
three possible line positions (left, centre, right) at ran-
dom and presented all the line lengths (in randomly
chosen order) at that position before selecting the next
position (again at random). For each line length, the
cursor was initially positioned offset left or right from
the centre by a randomly chosen amount. The task was
to adjust the position of the cursor with the push
buttons, one of which moved it to the left, the other to
the right. In Experiment 1, all but one patient held the
button that moved the cursor to the left in their left
hand, and that which moved it to the right in the right
hand. The exception placed both push buttons on their
lap, and used the less affected hand to manipulate both
buttons. When the subject was satisfied with their set-
ting, they informed the experimenter who hit a key on
the computer keyboard to initiate the next presentation
after 1 s. No pressure was put on the patients to
respond as quickly as possible.
2.1.2. Line bisection subtest of the BIT battery
2.1.2.1. Apparatus and procedure. All participants in
Experiment 1 were asked to make a mark with a pen
held in their preferred hand at the midpoint of each of
three horizontal lines, vertically separated and offset
horizontally from each other on an A4 sheet of paper.
This test is part of the Behavioural Inattention Test
Battery (Halligan et al., 1991).
2.1.3. Subjects
Eighteen subjects with a diagnosis of idiopathic
Parkinson’s disease made by a consultant neurologist
took part in this experiment. They were divided into
two groups, those with motor symptoms predominantly
on the left (LPD, n=9) and those with symptoms
predominantly on the right (RPD, n=9). The LPD
group comprised six males, three females. The average
age of the group was 59.22 (S.D.=9.64, range 49–76
years). The average duration of illness was 9.6 years
(range 2–18 years). Two of these patients were unmed-
icated. The other seven all took levadopa medication,
with an average dose of 487mg (S.D.=149.88, range
12.5–770 mg). Three patients supplemented this with
Selegiline, a monoamine oxidase-B inhibitor. Another
patient was also taking Pergolide (an ergot derivative
similar to bromocryptine) in conjunction with the
levadopa.
The RPD group comprised seven males and two
females. The mean age of this group was 60.89 years
(S.D.=10.28, range 45–76 years). Average duration of
illness was 6.67, (range 1–17 years). Everyone in this
group was medicated. Six patients were receiving con-
ventional levadopa therapy (mean dose 381.66 mg,
S.D.=211.88, range 187.5–770 mg). One patient was
taking Benzhexol (an antimuscarinic drug). Three were
taking Pergolide (mean dose 30 mg, range 22.5–42.5).
Two were taking 12–30 g of Ropinerol (a dopamine
D2 receptor agonist). In addition, one of these patients
was taking Amantadine.
2.1.3.1. Assessment of motor symptoms. In order to
assign the patients to the left- and right-sided groups,
the severity of symptoms in the limbs was assessed, in
the case of those receiving medication about 3 h before
a therapeutic dose, when testing began. For most pa-
tients, this was about 3 h after their last medication,
though two of them were assessed within 1 h, so that
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Table 1
Numbers of LPD and RPD patients at each Hoehn & Yahr stage
Hoehn & Yahr stage LPD RPD
1 01
2 4 4
202.5
33 3
4 1 0
average, so that it is unlikely that any of the partici-
pants failed to understand the instructions.
Participants were also tested on the spatial parts of
the Verbal and Spatial Reasoning Test (VESPAR—
Langdon & Warrington, 1995). In the first of these, the
‘Spatial Odd-One’ sub-test, the subject is asked to select
which of four shapes has nothing in common with the
other three. There are 25 items in this sub-test, and the
normative score for the 56–70 year age range (which
most closely approximates our sample) is 15.8 (S.D.=
2.5). The second subtest is the ‘Spatial Analogy’, in
which the subject is presented with a pair of shapes that
are related in some way. These are followed by a single
test shape and four alternative shapes. The subject
selects from the alternatives the shape that relates to the
single test shape in the same way that the first two
shapes relate to each other. There are 25 items in this
sub-test, also, and the normative mean score for the
56–70 year age range is 17 (S.D.=4.3). The third
sub-test, the ‘Spatial Series’ test, consists of three
shapes that form the start of a series. The subject has to
select the next shape in the series from four alternatives.
Again, there are 25 items in this sub-test, and the
normative mean for the 56–70 year age range is 19.4
(S.D.=3.5).
Table 2 shows the mean test scores for the three
groups (with standard deviations shown in brackets)
and, where appropriate, the normative scores. The last
two columns show the F ratios and the associated
significance levels from one-way ANOVAs comparing
the performance of the three groups on each test. These
show that the three groups did not differ significantly
from each other, and that their performance (with one
exception) was at least as good as the norm for their
age. The exception was the poorer performance of the
LPD group on the Spatial Analogy test, which hints at
the possible existence of visuospatial problems in this
group.
The patients were also given some tests of basic
visual function. Visual acuity was measured in each eye
with the Times Roman Reading Charts of the
MaclureTest (Clement Clarke International Ltd), on
which the ability to read a type size of N6 at the normal
reading distance corresponds approximately to a Snel-
len Acuity of 6/6. Taking acuity in the worse eye when
medicated patients were tested in the ‘on’ state. Tremor,
rigidity and akinesia were rated in both arms and legs
on a 0–3 scale, where 0 is absent, and 3 is severe.
Measurement of the degree of laterality of symptoms
can be done by comparing the total scores for the left
limbs with those for the right. For the LPD group, the
mean total score was 6.9 (S.D.=2.0) for the left limbs
and 1.9 (S.D.=2.2) for the right (L:R severity ratio
3.6:1). For the RPD group, the corresponding left limb
score was 1.6 (S.D.=1.3), and the right limb score 5.8
(S.D.=2.0), giving a R:L severity ratio that was also
3.6:1. Despite the similarity of their combined scores
for left and right limbs (LPD–8.8, RPD–7.4), all of the
patients showed an asymmetry of motor symptoms.
The control group consisted of nine normal healthy
individuals (eight males). All were right-handed. Their
mean age was 60.0 years (S.D.=8.9 years).
Table 1 shows the distribution of Hoehn and Yahr
(1967) stagings in the two patient groups.
2.1.3.2. Neuropsychological assessment. The patients
and controls were compared on two types of standard
neuropsychological test. The National Adult Reading
Test (NART—Nelson, 1982) can be used as a test of
premorbid intelligence in people under the age of 70.
Someone with a WAIS IQ of 100 would be expected to
make 35/50 pronunciation errors on the NART. A
person who made no errors on the NART would have
a WAIS IQ score of 128. The mean error scores (and
their standard deviations) are given in Table 2. The
full-scale WAIS IQ scores predicted from the error
scores are about 118 for the LPD group, about 120 for
the RPD group, and about 122 for the controls. Thus,
the IQ scores of the three groups are similar and above
Table 2
Scores of the three groups tested in this study (LPD, RPD, and controls) and, where available, normative data on the National Adult Reading
Test, and three spatial subtests (Odd One Out, Analogy, and Series) of the Verbal and Spatial Reasoning Test (VESPAR)
PF (2,24)NormsControlsRPDLPD
12 (6.4)NART 6.7 (6.1)8.8 (6.7) – 0.93 0.43
18.0 (1.6)16.9 (1.1)16.5 (1.8)Odd one out 0.142.1815.8 (2.5)
17.4 (3.3)15.0 (4.7)Analogy 3.05 0.0717 (4.3)19.4 (2.7)
21.4 (3.5) 20.75 (4.1) 21.9 (3.1) 19.4 (3.5) 0.526 0.6Series
Also shown are the F-ratios and associated significance levels from one-way ANOVAs comparing the three groups.
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Fig. 1. Mean bisection errors on the line bisection sub-test of the
Behavioural Inattention Test, by a group of nine left hemiparkinso-
nian (LPD) patients, a group of nine right hemiparkinsonian (RPD)
patients, and a group of nine healthy age-matched controls. Negative
values are errors to the left, and positive values are errors to the right
of the mid-point. The horizontal lines to be bisected were positioned
in the centre, or to the left or right, of an A4 sheet of paper. The
normal range of error on this task is 5 mm from the mid-point.
scores were: LPD mean 170 s (S.D.=252.5, range
30–680); RPD mean 241 s (S.D.=311, range 15–860).
Mean scores on the Randot test of 45 s, and on the
TNO test of 275 s were found by Fowler (1996) in a
group of healthy individuals of over 60 years. In a
group of normal subjects, whose ages ranged from 4 to
74 years, a mean Randot score of 44 s and a mean
TNO score of 194 s were found (Mazow, Prager, &
Cathey, 1983). Despite some impairment in the ability
to make fine stereoscopic discriminations on the Ran-
dot test, both patient groups clearly retained stereo-
scopic vision. On clinical examination, all patients
showed the full range of ocular movements. Two pa-
tients in the LPD group and two in the RPD group
showed a small occasional hypometria of saccades.
Pursuit eye movements were sometimes jerky in four of
the LPD group and in five of the RPD group. All
patients could converge on a near point of 20 cm or
less.
The West Berkshire Ethical and Research Committee
and the University of Reading Ethics and Research
Committee gave ethical approval for the study. All
participants gave their informed consent after a verbal
and a written description of what their participation
would involve.
2.2. Results
2.2.1. Line bisection subtest
Fig. 1 shows the results of the pencil and paper line
bisection subtest of the BIT Battery. The data were
analysed with a GroupLine Position ANOVA., which
showed that the differences between the groups were
not significant (F=0.44; df=2,24; P=0.65). However,
the effects of Line Position were significant (F=6.87;
df=2,48; P=0.005), confirming the suggestion in
Fig. 1 that the bisection marks on the line offset to the
right of the paper were towards the left, and those on
the line offset to the right of centre were towards the
left for all 3 groups. The GroupLine Position interac-
tion was not significant (F=2.25; df=4, 48; P0.05).
Although the mean errors are all within the normal
range (5 mm of the mid-point of the line), one trend
is worth noting. For the line positioned in the centre of
the page, the control group showed the normal pseudo-
neglect (bisection error to the left, e.g. Luh, 1995). The
small error shown by the LPD group is in the direction
opposite to that expected from their putative right
hemisphere damage.
2.2.2. Large screen line bisection test
Fig. 2 shows the setting of the cursor for the three
groups, averaged over viewing distance and line length.
It may be seen that, overall, the LPD group showed a
consistent rightward bias in bisection, which was
slightly larger at the shorter viewing distance. In other
Fig. 2. Deviations from the true mid-point in a line bisection task
shown by a control group and by left-sided (LPD) and right-sided
(RPD) sufferers from Parkinson’s disease (n=9 for all groups), at
each of two viewing distances (0.6 and 1.5 m). The lines to be bisected
were presented on a large vertical screen. Negative numbers are
deviations to the left, positive numbers deviations to the right. Data
have been collapsed across screen position and line length.
the eyes were not equal, the mean acuity of the LPD
group was N6 (range N5–N8) and that of the RPD
group N5.5 (range N5–N8). Two tests of stereopsis
were also run. On the Randot test, the scores were:
LPD mean 135 s (S.D.=128.9, range 20–400); RPD
mean 57 s (42.1, range 25–140). On the TNO test, the
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words, they neglect the part of the lines ipsilateral to
their worse affected limbs. In contrast, the control
group and the RPD group showed a leftward bias,
which was apparently larger at the 1.5 m viewing
distance than at the 0.6 m. Thus, the controls and
RPD group are displaying in this task, also, the nor-
mal right ‘pseudo-neglect’ found by other investiga-
tors.
The data were analysed using a repeated-measures
ANOVA (Subject Category(Viewing DistanceScreen
PositionStimulus Length)). Overall, the difference be-
tween the results at the two viewing distances was not
significant (F=1.757; df=1, 24; P=0.197), nor was
the interaction between Subject Group and Viewing
Distance significant (F=0.31; df=2, 24; P=0.736).
Fig. 3 shows the effect of varying the screen posi-
tion at which the stimulus was displayed. It may be
seen that the LPD subjects made larger errors when
the stimuli were in left hemispace, or centrally posi-
tioned, then when they fell in right-hemispace. In con-
trast, the control group were more accurate for the
left and centre positions than for the right. The RPD
group performed similarly to the control group but
made smaller errors overall. Paradoxically, the LPD
group participants were more accurate when the stim-
ulus was in right space, and the RPD and controls
were less accurate. The main effect of stimulus posi-
tion was significant (F=5.84; df=2,48; P=0.005),
but there is no significant interaction between subject
group and stimulus position (F=2.0; df=4,48; P=
0.11), perhaps reflecting the similar pattern of results
in the RPD and control groups.
In Fig. 4 are shown the effects of varying line
length, averaged over screen position and viewing dis-
tance. The errors made by the RPD and control
group show no systematic tendency to vary with
length, whereas those of the LPD group rise with the
length of the line to be bisected. Although the main
effect of length was not significant (F=1.52; df=9,
216; P=0.14), the interaction between the effects of
Subject Group and Line Length was significant (F=
2.11; df=18, 216; P=0.006). From Bonferroni-cor-
rected t-tests, the bisection settings of the LPD group
were significantly different (P0.01) from those of
the controls for line lengths of 240 mm and above,
but not for lengths below 240 mm. The LPD settings
were also significantly different from those of the
RPD group for line lengths of 288 mm and above at
the 1% level, and of 240 mm at the 5% level, but the
differences between the patient groups at shorter line
lengths were insignificant. The differences between the
RPD group and the controls were insignificant except
that for a line length of 288 mm, which just reached
significance at the 5% level. There was a significant
three-way interaction between Subject Group, Screen
Position and Line Length (F=2.19; df=36,432; P
0.001), again reflecting the difference between the
LPD group and the other participants. Finally, there
was a significant overall interaction (Subject Cate-
goryViewing DistanceScreen PositionStimulus
Length; F=1.59; df=36,432; P=0.018).
Fig. 3. Deviations from the true mid-point in a line bisection task
shown by a control group and by left-sided (LPD) and right-sided
(RPD) sufferers from Parkinson’s disease (n=9 for all groups), at
each of three screen positions (left, centre, right). Data have been
collapsed across line length and viewing distance. Other details as for
Fig. 2.
Fig. 4. Deviations from the true mid-point in a line bisection task
shown by a control group and by left-sided (LPD) and right-sided
(RPD) sufferers from Parkinson’s disease (n=9 for all groups), at
each of 10 line lengths. Data have been collapsed across screen
position and viewing distance. Other details as for Fig. 2.
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Table 3
Mean bisection errors (in mm) in four left-sided (LPD) and four
right-sided (RPD) Parkinsonian patients, when the left hand held the
push-button, which moved the cursor to the right, and the right hand
held the button, which moved the cursor to the left
LPD RPD
−2.62.04S1
2.12S2 −0.88
S3 −0.045.08
−2.0–1.08S4
Negative values indicate errors to the left of the mid-point, positive
values errors to the right. Data have been collapsed across screen
position, viewing distance, and line length.
3.2. Apparatus and procedure
The apparatus and procedure were identical to those
of the large screen test of Experiment 1, except that all
participants held the rightwards button in the left hand,
and the leftwards button in the right hand. The aim of
switching the hands between the two experiments was
to control for the possibility that bisection errors might
result from a reluctance to use the more affected hand.
3.3. Results
Data from individual patients are shown in Table 3.
Fig. 5 shows the mean bisection errors from this ‘re-
versed hand’ condition averaged over all presentation
conditions with the corresponding results from Experi-
ment 1 shown for comparison. The ANOVA showed
that, in this experiment, the difference in bisection
settings between the groups is again significant (F=
6.13; df=1,6; P0.05).
The results of Experiments 1 and 2 were compared
statistically in an ExperimentGroup(Distance
PositionStimulus Length) ANOVA. This shows that
the pattern of bisection errors in the two groups was
not significantly different in the different response
modes (F=0.63; df=1,22; P0.7) but that the effects
of experimental group were (F=10.63; df=1,22; P
0.005)
4. Discussion
These results provide evidence for a small, but consis-
tent, left neglect in patients with asymmetric symptoms
of Parkinson’s disease that are worse on the left side of
the body. The direction of the effect means that pa-
tients neglect the side of space or of objects ipsilateral
to the worse motor symptoms and so presumably con-
tralateral to the worse affected hemisphere. Patients
with worse right-sided symptoms behave in a manner
similar to controls. Thus, performance on a line bisec-
tion task in unilateral LPD corresponds to that of
patients with right parietal damage. Our results are in
apparent agreement with those of Starkstein et al.
(1987), obtained from a pencil and paper test. Although
the findings of Starkstein et al.’s study are not reported
in any detail, it is clear that the performance of their
LPD participants differed significantly from that of
RPD participants. Ebersbach, Trottenberg, Hattig,
Schebsky, Schrag, and Poewe (1996), who failed to find
significant biases in a pencil and paper bisection task in
PD, attributed this to a smaller asymmetry of symp-
toms in their patients than in those of Starkstein et al.
In the present study, we found that a pencil and paper
test did not consistently detect neglect (unlike the re-
mote adjustment of a marker on a large screen), so that
Fig. 5. Deviations from the true mid-point in a line bisection task
shown by left-sided (LPD) and right-sided (RPD) sufferers from
Parkinson’s disease (n=4 for both groups), using two different
response modes. Upper bars: push-button in left hand moved cursor
to the left, and that in right hand moved cursor to the right. Lower
bars: push-button in the left hand moved cursor to the right, and that
in the right hand moved cursor to the left. Data have been collapsed
across screen position, viewing distance, and line length. Other details
as for Fig. 2.
3. Experiment 2
3.1. Subjects
In this experiment, only a sub-set of the participants
from the previous experiment were tested, because not
all were available. Four LPD subjects (three male,
mean age 61.75 years; mean daily dose of levodopa
505.0 mg, mean Hoehn & Yahr stage 1.5) were com-
pared with four RPD subjects (three male, mean age
60.5 years; mean daily dose of levodopa 512.5 mg,
mean Hoehn & Yahr stage 1.5).
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the choice of test may have been important in the
failure to find evidence for neglect in PD in previous
studies, also.
As Fig. 2 shows, the tendency of the RPD group and
the controls to set the cursor to the left was larger at
the longer viewing distance. This tendency is not so
apparent in the LPD data where the error is slightly
larger at the shorter viewing distance. Thus, one might
describe the effect of viewing distance as an increase in
pseudo-neglect in the RPD and the controls, which, if
shown by the LPD group, would tend to counteract
their genuine neglect. There is no evidence from the
manipulation of viewing distance used here for any
differential effect on the neglect shown by the LPD
group, once the pseudo-neglect shown by the RPD and
controls is taken into account. If separate sub-systems
for representing two different regions of space are
affected in the LPD patients, they seem to be affected
by similar amounts.
In the traditional bisection task, in which the subject
marks the apparent centre of a line with a pencil, any
error could be due to a mis-perception of the line or to
a mis-programming of the motor response (or both).
Mattingley, Hussain, Riorden, Kennard, and Driver
(1994) have demonstrated that patients with right infe-
rior parietal lesions who show neglect on a line bisec-
tion task also have problems in initiating movements
into contra-lesional space. This is just the pattern of
data shown by the PD patients of Ventre et al. and
(probably) those of Ebersbach et al. Given the obvious
motor dysfunctions of Parkinson’s disease, it is tempt-
ing to explain the bisection findings of Starkstein et al.
in terms of a similar deficit in response organisation.
Such an interpretation is strengthened by the finding of
neglect after lesions of the basal ganglia (Damasio et
al., 1980). Both patients in this latter study showed
unilateral neglect, but with pronounced contralateral
akinesia. There is additional evidence from animal stud-
ies that basal ganglia lesions always result in a strong
contralesional akinetic state of global neglect (Unger-
stadt, 1973).
We would not wish to argue that motor neglect
would not be demonstrated in our patients in the
appropriate conditions. However, we believe that the
present results do not reflect a motor component of
neglect, for three reasons. The first is that the motor
response required of our subjects was not a directional
reaching or pointing movement. Thus, the position of a
limb and of the bisecting marker were not directly
related (as in the usual bisection task). Rather, the
relationship between the mark and the response was
indirect, since the position of the mark was adjusted
remotely via push buttons. In Experiment 1, the pa-
tients held the button that moved the cursor to the right
(left) in their right (left) hand, or (in one case) put both
push buttons on their lap and used one hand to press
buttons in alternation. It could be argued that the LPD
group would tend to use their left (more affected) hand
less than their right, and so the cursor would tend to be
offset to the right (as we found). However, in Experi-
ment 2, when forced to use the button in their left hand
to move the cursor to the right (and vice versa for the
right hand), a similar pattern of performance to that in
Experiment 1 was found in both LPD and RPD
groups. Regardless of these response manipulations, the
patients’ strategy (for both LPD and RPD) appeared to
be to move the cursor through the central region of the
line several times before settling on the perceived mid-
point. It seems unlikely that a relative difficulty in using
one hand could explain the results. Secondly, although
two of our LPD patients suffer from occasional (non-
directional) akinesia, the remaining seven reported that
they do not (and showed no clinically obvious signs of
akinesia), although they have other characteristic motor
problems associated with Parkinson’s disease. Five out
of the nine RPD participants also suffered with akine-
sia, and yet their performance was indistinguishable
from that of those without this problem. Therefore, it
seems unlikely that akinesia (greater difficulty in press-
ing one of the response buttons) is a significant factor
in the neglect demonstrated here. The third relevant
finding was that the absolute size of the bisection error
in the LPD group increased with line length. It is not
obvious, if the bisection error results from a difficulty
with pressing one response button, why the absolute
values of the misbisection should increase when the
lines became longer.
Thus, the results of the present study are evidence for
a perceptual component in neglect in PD. This might
result from a distorted visual representation of external
space or from a lateralised failure of visual attention
(Heilman, Marshall, & Valenstein, 1993). The finding
by Ebersbach, Trottenberg, Hattig, Schebsky, Schrag,
and Poewe (1996) of systematic bias in PD in the choice
of where in the visual field to start exploration is
certainly consistent with a lateralised impairment of
attention, as is the phenomenon of extinction in other
types of neglect. Thus, the available data do not enable
us to rule out an explanation based on visual attention,
though our findings are also consistent with the notion
of a lateralised compression of a representation of
visual space in PD (which might be mediated by the
parietal lobe, to which dopaminergic neurons project),
as also reported in other types of neglect (Halligan &
Marshall, 1991).
Inspection of Fig. 3 shows that the variation in mean
settings with screen position is very similar in the two
experimental groups and the control group, except that
the LPD data are offset to the right from those of the
other two groups by an approximately constant amount
at all three positions. A possible explanation for this
pattern of results is that, in all groups, there is pseudo-
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neglect for right hemispace, but in the LPD group,
there is an additional neglect of the left visual field
superimposed on the normal pseudo-neglect of right
hemispace. The observation that the RPD group make
smaller leftward errors than the controls suggests that
they also follow this trend, although to a lesser extent
than the LPD group.
It has been found in several studies that treating
other types of hemineglect with dopamine-enhancing
medication can improve performance on a range of
tasks, (e.g. Hurford, Stringer, & Jann, 1998), including
the tendency to rightward bias in a line bisection task
(Fleet, Valenstein, Watson, & Heilman, 1987). Such
treatments stem from the suggestion of Mesulam (1991)
that hemineglect is caused by a disruption to the cor-
tico-limbic-reticular pathways involved in arousal and
orienting to novel stimuli. The involvement of do-
pamine in this process is suggested by the finding that
dopamine agonists decrease neglect in rats (Corwin,
Kanter, Watson, Heilman, Valenstein, & Hashimoto
(1986), and so neglect of some type might be expected
in PD. Although seven of the LPD group were receiv-
ing dopaminergic medication in some form (the other
two patients in this group were recently diagnosed, and
unmedicated), the treatment was not effective enough
to completely remove all motor symptoms, and so it is
unlikely that it would completely alleviate neglect also.
It should be noted that the effects reported here were
small (though they were consistent and statistically
significant) and averaged about 2%, though the largest
effects (in the left visual field) were about 4%. Thus, it
could be argued that the practical effects of such im-
pairment would be small. However, it seems to us that
such an argument should be viewed with caution, for
two reasons. First, we noticed that patients in both
groups often spent a long time making fine adjustments
to the position of the cursor, after moving it to and fro
through the central region of the line. It might be that
they were able to use some compensatory strategy in
our laboratory task (perhaps based on time or move-
ment perception rather than on a simple position judge-
ment), which would not be available in real-world tasks
like locomotion. The second concerns another aspect of
the task. Line bisection measures a difference between
the left and right hemifields or hemispaces. Given the
nature of Parkinson’s disease, it is possible that percep-
tion of space is abnormal in the less affected hemi-
sphere, even in apparently unilateral patients. In other
words, the finding of a small difference between
hemifields or hemispaces does not rule out a more
global compression of visual space. These possibilities
require different methods of measurement for their
investigation (e.g. see Lee, Harris, Atkinson, & Fowler,
in press).
In summary, one might expect some form of neglect
in PD, because the illness is often lateralised (a least, in
the early stages) and because neglect in other syn-
dromes may respond to dopaminergic medication. The
present study has found evidence for a small but consis-
tent rightward bias in a line bisection task in LPD, a
bias that increases with the length of the stimulus. It
appears that this neglect is not caused by the more
obvious motor problems in the disease, and may reflect
dopamine depletion in the parietal regions of the right
side of the brain.
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